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Campylobacter prevalence from retail liver (chicken, cattle, pig and sheep) was found to be 81%, 69%, 79% and 78% respectively. Molecular source attribution demonstrated that strains from chicken liver were most similar to those found commonly in humans. This provides further evidence of liver being a probable source of human infection.





Campylobacter jejuni and C. coli are the major recognised cause of bacterial gastroenteritis worldwide. There is a growing epidemic of human campylobacteriosis in the UK (Strachan et al., 2010) with laboratory reports showing 69,281 cases in the UK in 2010 a 35 % increase since 2005. These rates are likely to be substantial underestimates of the actual disease burden because it is estimated that only 1 in 7 cases are reported in the United Kingdom (Wheeler et al., 1999). But, despite its significance as a public health problem, the relative contributions of different sources of infection remains complex with food (Adak et al., 2005), water (Said et al., 2003), and environmental sources (Strachan et al., 2009) also being recognised contributing. Source attribution methods employing multi-locus sequence typing (MLST) have indicated that between 40 to 80% of cases are associated with chicken meat (Sheppard et al., 2009) and it is known that 65% of broiler meat at retail is contaminated with Campylobacter in the UK (Anonymous, 2011) (Gormley et al., 2008).

Although outbreaks of Campylobacter are apparently uncommon there have been a growing number associated with chicken liver pâté (or parfait) particularly from food service establishments (Little et al., 2010). Indeed, in England and Wales during 2010, out of the 16 recognised foodborne outbreaks of Campylobacter infection, 10 were linked to poultry liver pâté or parfait consumption and one other to pâté prepared from duck liver. Further, in Scotland three recent events have been associated with the consumption of chicken liver pâté (Oshin, 2005; Forbes et al., 2009; O'Leary et al., 2009). 






Liver samples were purchased from retail supermarkets and butcher’s shops in Aberdeen, NE Scotland between April 2006 and March 2008. Choice of liver types was determined by availability in sentinel shops. Samples were chilled for transport back to the laboratory for testing. Whole samples (median 382g)  were rinsed in 300 mL Campylobacter enrichment broth (see below) and 0.1mL decimal dilutions plated directly onto the modified Campylobacter Blood-Free Selective Agar Base (CCDA base, CM0739; Oxoid, Basingstoke, UK) with CCDA selective supplement (SR 155; Oxoid) for target enumeration (minimum detection limit of the plate count was therefore 3 x103 cfu/ sample). The presence or absence of Campylobacter was ascertained by incubating the remaining enrichment broth microaerobically in an atmosphere of 10% CO2, 5% O2, balance N2, 100mL volumes of nutrient broth base (Mast, Bootle, UK) with 5% horse blood, growth supplement (Mast Selectavial SV61), amphotericin (2 mg/mL), cefoperazone (15 mg/mL), and trimethoprim (10 mg/mL); polymixin B (2500 IU/L) and rifampicin (5 mg/mL) were added, and the broths incubated for 2 days at 37ºC (Bull et al., 2006). All antimicrobials were purchased from Sigma-Aldrich (Gillingham, UK). Enrichment broths (0.1 mL) were plated onto mCCDA agar incubated microaerobically for 2 days at 37ºC. Five colonies were taken from each plate and presumptively identified as Campylobacter by agglutination with Microscreen latex (Microgen, Camberley, UK). Individual colonies were stored (-80ºC, nutrient broth, glycerol added to 15% [v/v]) for MLST. Campylobacter presence was confirmed as C. jejuni or C. coli using isolate ST as determined by MLST.

Genotyping
Presumptive positive isolates were genotyped by traditional 7 locus multilocus sequence typing (MLST) as described previously (Sheppard et al., 2009) and allele profiles and STs were assigned using the public Campylobacter MLST profile database (http://www.pubmlst.org). 

Attribution




The prevalence of Campylobacter ranged from 81% to 69% (chicken and cattle livers respectively) indicating significant contamination across all liver types tested and confirming the putative role of this food as a source of infection for humans (Table 1). The high prevalence in chicken is in line with a 2006 Campylobacter study in retail chicken meat which showed 90.4% positive from 114 samples tested (Gormley et al., 2008). Further, it has been demonstrated (Whyte et al., 2006)  that 90% of positive Campylobacter chicken liver samples contained the pathogen in internal tissue and that flash frying, as recommended in many recipes, to leave the centre of the liver pink, may be ineffective at killing all Campylobacter present because there is a very small margin of error between pink and undercooked.

Enumeration data showed the majority of samples were positive only after enrichment (79%) indicating low numbers of Campylobacter on many retail livers. The higher counts observed from direct plating were most frequently from associated with chicken and cattle liver washes (>25%). This was not unexpected for chicken (Gormley et al., 2008) which showed 65% retail chicken meat with Campylobacter concentrations >100 cfu / sample). Only 3% of pig and 10% of sheep livers had higher counts. 

In comparison to published studies, prevalence and counts here agreed with the sheep data from New Zealand (Cornelius et al., 2005) but differed from the two Japanese cattle studies (Matsumoto et al., 2008; Enokimoto et al., 2007) and the N. Ireland pig data (Moore and Madden, 2003) (all with lower prevalence values). The chicken data reported here is in line with the high prevalence and enumeration data in the reports from Chile (Fernandez and Pison, 1996) and New Zealand (Whyte et al., 2006) but USA studies (Cox et al., 2009) (2009) showed significantly lower values of 13% and 17% in two separate flocks. Meanwhile, the large variation in flock prevalence in the UK (Jennings et al., 2011) does encompass the findings of the current study but it must be remembered that there may be opportunity for cross contamination of livers post abattoir. Finally, the difference in reported data may reflect microbiological methodology, animal husbandry in the country of origin and source (animal species) of the liver samples tested. 

Source attribution showed that the MLST types found in chicken livers were more similar to those found in retail broiler meat compared to other sources (Table 1). There was relatively poor attribution of cattle isolates (29%) which was not significantly better than random (25%). However, most of the misclassifications of liver isolates from cattle were as sheep (and vice-versa) and when the analysis was repeated treating sheep and cattle as one “ruminant” species then the attribution was much improved (81%). This commonality of MLST genotypes from cattle and sheep has already been reported elsewhere (McCarthy et al., 2007).

Comparison of the MLST genotypes from liver with those commonly found in humans showed that those of chicken origin had the greatest overlap (56%, P<0.05). This provides further evidence, beyond outbreak case questionnaires, that chicken livers are a risk to humans. It is unclear why the degree of overlap was less for the other species but this could be due to a number of reasons that include: less consumption of livers from species other than chicken; the strains found in these other hosts are less infectious to humans and livers/liver products from hosts other than chicken may be more likely to be cooked correctly.
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Table 1 Campylobacter spp. from retail livera: prevalence, counts, attribution of genotypes to source species and similarity to common human genotypes. 







aFull details on samples and types of individual isolates are in the supplementary information.








The following table contains details on each of the samples: 

Table S1 Sample details, enumeration and STs of C. jejuni/coli in retail liver



































































































































a Unassigned to sequence type (UA)
b C. coli
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